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INTRODUCTION 
Man and certain species of laboratory animals possess distinctive patterns of 
metabolic traits. Thus, it might well be assumed that cattle and other animals of 
economic importance also possess such traits. It is possible that these metabolic 
patterns may be related to the ability of the animal to withstand certain environ-
mental forces or be related to nutritional requirements or to productivity. 
Relatively long periods of time are required to discover the most efficient 
and highest producing farm animals as well as those that are carrying recessive 
genes for certain defects such as dwarfism. It would be desirable to find a chem-
ical substance in the body, variations in the levels and metabolism of which 
might serve as a selection tool for traits of economic importance. 
The problems of finding and applying such a tool or index are primarily of 
two kinds: those concerned with the detection of heterozygous carriers of genes 
responsible for certain defects; and those concerned with selecting the superior 
producer. 
The first of these problems implies a search for a particular animal, the car-
rier. It appears unlikely that a carrier animal could be detected by analysis of the 
blood for a chemical substance, the presence or concentration of which.is governed 
by a single gene. Studies of the metabolic pathways and activities of certain blood 
components would seem to have greater promise. Chemical blood analyses, how-
ever, may produce useful information about certain compounds that might merit 
deeper study. 
Finding chemical substances in the blood that may be helpful in predicting 
the performance of a group of superior animals seems to be somewhat less com-
plicated. Selecting a group of superior animals from a large herd could be done 
using a tool that need not be as specific as one used to detect a particular heter-
ozygote. However, the more specific the selection tOol, the greater the expected 
progress. 
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The purpose of these studies was ro find some chemical compounds in the 
blood of beef cattle that might be quantitatively associated with growth and car-
cass quality or affected in some way by the dwarf gene. 
Reports in the literature as well as some past studies at the Missouri station 
indicate a possible relationship between growth rate in beef cattle and certain 
reducing substances in the blood. For the purposes of this report, reducing sub-
stances are those compounds that will reduce copper in alkaline copper tartrate 
solutions. Reducing substances in the blood include glucose, glutathione, uric 
acid, creatinine, creatine, and glucuronic acid. The levels of these compounds 
were determined in the whole blood and in the plasma. 
Analyses were made on the serum to determine the amounts of total protein, 
total cholesterol, calcium, phosphorus, potassium, and sodium. Hematological 
determinations included red cell numbers, hemoglobin, mean corpuscular hemo-
globin concentration, and hemarocrit. 
REVIEW OF LITERATURE 
Methods of Glucose and Saccharoid Analysis 
Aside from the many !Tletabolic and environmental factors that may affect 
the level of blood glucose in catrIe, the m::thod used is also a large facror. Of 
the methods in CO!Tlmon use, the one of Folin and Wu (1920) gives the highest 
values. The lowest values produced by a copper-reducing method are those ob-
tained by using Somogyi nltrates (Somogyi, 1930). Values obtained by the meth-
od of Benedict (1931) are intermediate to the other two. 
lt is generally known that the alkaline copper reducing methods are not 
specific for glucose. Many other compounds have a similar reducing power. Some 
of these compounds are glutathione, uric acid, creatinine, creatine, glucuronic 
acid, cysteine, ergothioneine, threonine and other related substances. Because of 
their glucose-like reducing power, these compounds have been given the general 
term "saccharoids" by Benedict (1931). 
The determination of "true glucose" as a practical procedure is now possible 
due to the discovery of the enzyme glucose oxidase, and by its purification by 
Coulthard et al. (1945). Glucose oxidase promotes the oxidation of glucose by 
molecular oxygen to gluconic acid with the simultaneous production of hydrogen 
peroxide. The latter is readily detected by using an oxygen acceptor such as 
orthotolidine or orthodianisidine in the presence of peroxidase, an enzyme pre-
pared from horseradish root. These two reactions will respond to no compound 
but glucose (Beach, 1958). 
Somogyi (1927) was perhaps the first ro suggest that glutathione and threo-
nine may account for the saccharoid fraction of blood after fermentation with 
yeast. Benedict and Newton (1929), as a result of their isolation of glutathione 
from sheep blood, were led to assume that this substance was responsible for a 
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large part of the saccharoid fraction. However, Benedict (1931) showed evidence 
which indicated that glutathione may account for but a small part of the saccha-
roid fraction. Data presented by various workers-Kunkel et at. (1954), Grunert 
and Philips (1951), Patterson et al. (1960), Fashema (1933) and Patrushev (1938 
and 1940), as well as Benedict and Newton (1929)-would seem to indicate that 
glutathione does represent a large part of the blood saccharoid content. 
Data presented by Fashema and Stiff (1941) led to their belief that glucuronic 
acid or its compounds were responsible for practically all the reducing power of 
tungstic acid blood filtrates not accounted for by glutathione and glucose. A 
small portion, according to their findings, was probably due to the several sub-
stances mentioned on a previous page except for glucuronic acid which they be-
lieve to make up about 10 to 25 mg. percent of human blood, and glutathione, 
which made up about 37 percent of the total saccharoid fraction in human blood 
according to some earlier work by Fashema (1933). 
The total saccharoids in blood are usually determined by difference using 
two glucose methods, one which measures a large part of the saccharoids and 
glucose and the other measuring glucose and a minimum of saccharoids. Mosen-
thaI and Barry (1946) used the method of Folin-Wu and Lauber-Mattice to deter-
mine human blood saccharoids. Their results showed a range of one to 78 mg. 
percent. In 200 cases, 62 percent of the samples were within the limits accepted 
at that time of one to 30 mg. percent. 
Benedict (1931) added sodium bisulfite to the regular Benedict copper rea-
gent which resulted in a marked increase in the specificity of the reagent for 
glucose in blood and urine. The saccharoid value was determined by using the 
copper reagent with and without sodium bisulfite and calculating the difference. 
Analyses of ten samples of human blood yielded an average of 19.1 mg. percent 
of this method. 
Foley et al. (1960), in studies with cattle blood and using the Folin-Wu and 
Nelson-Somogyi methods, reported saccharoids to average 18.4 mg. percent for 
normal beef cattle free of the dwarf gene. Wilkerson et al. (1962), using the 
same methods as Foley, reported an average saccharoid value for humans of 20.4 
± 7.7 mg. percent. 
Whereas glucose in the blood of most species may be distributed between 
the cells and plasma, the saccharoids are limited for the most part to the cells. As 
early as 1928, Somogyi reported the saccharoid content of the cells to be 40 mg. 
percent with only eight mg. percent in the serum. 
Relationship Between Important Traits in Beef Cattle 
According to Swiger et al. (1962), the economically important traits in beef 
cattle are pre-weaning growth rate, post weaning growth rate, feed efficiency, 
carcass composition and reproductive ability. Quite a: bit of work has been done 
in recent years in the study of the relationships that may exist among these traits. 
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Most of these reports are based upon simple linear correlations and selection in-
dexes based upon multiple correlations. 
Coefficients of correlation ranging from 0.17 to 0.35 between feedlot gains 
and weaning weight have been reported (Brinks et al. 1962, Wilson et al. 1962, 
Blackwell et al. 1962, Swiger 1961, Carter and Kincaid 1959, Knox and Koger 
1946, and Swiger et al. 1962). Coefficients in the above range were considered 
significant at the 1 percent level of probability due to the large number of de-
grees of freedom involved. Genetic correlations of 0.06, 0.34, 0.66, 0.22, 0.16, 
0.93, and 0.47 between feedlot gains and weaning weight were reported by Brinks 
et al. (1962), Wilson et al. (1962), Carter and Kincaid (1959), Blackwell et al. 
(1962), Rollins et al. (1962), Swiger (1961) and Swiger et al. (1962), respectively. 
Phenotypic correlations between weaning grade and feedlot gains of -.021, 
-.35 (P<.Ol), -.07, 0.07, 0.09, and 0.27 were reported by Durham and Knox 
(1953), Lindholm and Stonaker (1957), Carter and Kincaid (1959), Brinks et al. 
(1962), Blackwell and Knox (1962), and Addleman (1960), respectively. Genetic 
correlations between these traits of 0.28, 0.06 and 0.73 were reported by Carter 
and Kincaid (1959), Brinks et al. (1962), and Blackwell and Knox (1962) . 
Phenotypic and genetic correlations of 0.54 and 1.10, respectively, between 
carcass weight and weaning weight and 0.07 and 0.65 between carcass weight and 
weaning grade were reported by Blackwell et al. (1962). 
Brinks et ai. (1962) reported phenotypic and genetic correlations with final 
feedlot weight of e~39 and 0.04, respectively, for birth weight; 0.62 and 0.71 for 
adjusted 180 day gain; 0.62 and 0.59 for adjusted 180 day weight; 0.37 and 0.30 
for weaning score, and 0.80 and 0.92 for 196 day gain in the feedlot. All of these 
coefficients are considered significant at the 1 percent level of probability. 
Phenotypic coefficients of correlation with slaughter weight of 0.63 for un-
adjusted weaning weight, 0.41 for total gain, 0.53 for daily gain and 0.17 for 
weaning grade were reported by Lindholm and Sronaker (1957). Except for the 
latter, these coefficients were considered significant at the 1 percent level of prob-
ability. Lindholm and Stonaker also calculated multiple coefficients of correlation 
involving unadjusted weaning weight, weaning grade, feed efficiency, 18 month 
age of the dam and other traits in various combinations with net .income per 100 
pounds of beef. The simple linear coefficient of correlation between net income 
and unadjusted weaning weight was 0.80 with 89 degrees of freedom. The mul-
tiple coefficients involving from two to five of the above traits varied from 0.80 
to 0.98. 
Relationship of Levels of Certain Blood Components and Economically 
Important Traits in Beef Cattle 
In comparing initial blood glucose values with subsequent 168-day gains and 
feed efficiency, Arthaud et al. (1959) reported correlations of 0.44 (P<.Ol) and 
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-.41 (P< .OI), respectively. This is one of the few reports comparing feedlot per-
formance with glucose levels at the beginning of the feeding period. 
Working with only 15 bulls, Colby et al. (1950) reported a correlation of 
-.43 between feedlot gains and blood glucose determined at the end of a 196-day 
growing period following weaning. The area of significance with this few degrees 
of freedom approaches 10 percent. Making a similar comparison involving 47 
heifers, Addleman (1960) reported a correlation of - .11 which is all but negligible. 
Butcher (1958) compared the feedlot gains of 40 Hereford heifers with blood 
glucose levels determined before and after insulin injections. The collection of 
the data began sometime after the beginning of the 147-day feeding period and 
was completed near the end of the period. Feedlot gains and blood glucose be-
fore insulin produced a correlation coeffic·ient of -.19. Blood glucose after the in-
jection of insulin had a greater association with gains with a correlation of 0.31. 
The relationship between feedlot gains and the two glucose levels went from 
negative to positive and the area of significance increased to a level approaching 
5 percent. 
Massey (1960) reported correlations of -.35 (P<.05), 0.39 (P<.05) , and 
0.08 between feedlot gains and blood glucose levels of bulls at the Missouri, 
Oklahoma, and Colorado stations. Determinations were made at the end of a 
feeding period following weaning in each case. 
Glucose determinations made by the previous five authors involved the use 
of the Folin-Wu method. 
Evidence is available which indicates that blood glutathione levels in beef 
cattle might be associated with subseqtlent rate and economy of gain and with 
body size. Because of its widespread occurrence in the tissues and fluids of the 
body, the tripeptide, glutathione, has been postulated as an intermediate in pro-
tein synthesis (Patterson et al. 1960). Kunkel (1954) showed that the level of 
reduced glutathione in the blood of young beef animals is a characteristic of each 
animal. The relationship of glutathione to growth has been shown in the pig by 
Wilkerson and Gortrer (1932), in the rabbit by Gregory and Goss (1933 a and 
b) and Lerner (1932), and in cattle by Patrushev (1938 and 1940). 
Kidwell et al. (1958) found that blood glutathione was correlated to a signi-
ficant extent with subsequent economy of gain of 48 lambs on feed (r = 0.48, 
P <.05). Initial blood glutathione and total gain produced a coefficient of cor-
relation of 0.02. Working with beef cattle, Kidwell et al. (1955) also found a 
small but significant correlation between blood glutathione and subsequent eco-
nomy of gain. The significance of the correlation (-.28) between 84-day gain and 
initial blood glutathione approached 5 percent. In another experiment, Kidwell 
found a small but significant correlation (P<.05) between glutathione and rate 
and economy of gain of 48 steers. 
Arthaud et al. (1959) reported coefficients of correlation with rate of gain of 
0.19 and -.12, respectively, for sulfhydryl compounds, 0.01 and 0.07 for red blood 
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cell numbers, 0.04 and -.33 for hematocrit and -.29 and -.30 for hemoglobin. All 
of these determinations were made at the beginning of the feeding period. On 
the other hand, Luitingh (1962) reported a significant correlation (P<.Ol) be-
tween red cell numbers and daily gain of steers. No correlation was found be-
tween daily gain and hemoglobin. 
Colby et al. (1950) reported correlation coefficients of 0.98 (P<.OOl) for 
cholesterol and feedlot gains, -.22 for creatine and gain and -.19 for non-protein 
nitrogen and gains for 15 bulls. 
Taylor et at. (1963) found that the phenotypic correlations of235-day plasma 
cholesterol with 600-day growth traits of heifers were 0.10 or less. The genetic 
correlations of 235-day cholesterol with 600-day weight and daily gain from birth 
to 600 days were 0.67 and 0.59, respectively. All correlations of 235 day choles-
terol with daily gain from 235 days to 600 days were negligible. Heritability 
estimates for cholesterol concentration for bulls and heifers were 0.16 and 0.46, 
respecively, at 235 days and 0.0 and 0.37, respectively, at 600 days. Heifer data 
showed significant sire effects on 235-day cholesterol values. 
Anglemier et at. (1961) collected blood samples from 11 steers at two-week 
intervals during the three months before slaughter. Values for total and free 
cholesterol were 13 percent lower in the steers yielding the seven most tender 
and finest-textured rib roasts than in the other four steers. 
Some Factors that Cause Variation in Levels of Certain Blood Components 
in Cattle and Other Species 
Temperature and Season 
Blincoe and Brody (1951) studied the effects of environmental temperature, 
0° and 105 ° F. (-18 0 to 41 0 C.) on the blood composition of Holstein, Jersey, 
Brown Swiss, and Brahman cattle. They noticed no important changes between 
.0 and 65 0 F. On raising the temperature (in a climatic laboratory) from 65° to 
105 0 F., the creatinine level was doubled and the carbon dioxide combining capa-
city, ascorbic acid, and cholesterol were halved. No important changes were no-
ticed in electrolyte and glucose (Folin-Wu) levels. 
Page et al. (1960) studied the effects of solar radiation during one day upon 
the levels of various blood constituents. In direct sunlight, blood glucose showed 
a steady decline throughout the day. In either direct sunlight or shade, the crea-
tinine levels were lowered in the morning before sunrise and climbed later in 
the day. Cholesterol levels and hemoglobin were not greatly affected. 
The possible relationship between high cholesterol and low thyroid activity 
is well known; therefore, it might be logical to expect a reduction in thyroid 
activity and increased cholesterol in the summer. Data presented by Means and 
Andrews (1958), however, do not support this idea. Over 600 determinations 
were made on 157 ewes during two years with no important differences showing 
up between the seasons. In another study by Fransen and Andrews (1958), no 
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important season effect was noticed except that following a severe cold period, 
levels of cholesterol fell somewhat. 
In a study comparing the levels of glutathione, hemoglobin, and their ratios 
in winter and summer, Patterson et al. (1960) reported higher values for each in 
Holstein and Jersey cows in the summer. Kamal et al. (1959) measured blood 
glutathione in dairy calves during growth (from six to 12 months of age) at 50° 
and 80° F. in a climatic laboratory. Blood glutathione levels were higher at the 
higher temperature (P< .OI). Values were 27.2 and 43.2 mg. percent at 50° and 
80° F., respectively. 
Spurr and Barlow (1959) found that cooling dogs to 25 ° C. reduced the 
levels of plasma sodium and potassium. Increasing the temperature to 42.5 ° C. 
increased the levels of these constituents. The hematocrit was increased in both 
cases. In a similar experiment, Hannon et al. (1958) found that cooling to 5° 
C. caused a decrease in plasma potassium but increased the plasma sodium and 
magnesium levels. 
Beaton (1956) found that lowering the rectal temperature of the hamster to 
about 14° C. resulted in significant increases in hematocrit and inorganic phospho-
rus and slight decreases in glucose, sodium, potassium, and chlorides. A reduction 
of the rectal temperature to 14°C. in the rat resulted in a very large increase.in 
the levels of inorganic phosphorus and liver glutathione, a slight increase in 
blood glutathione and serum calcium, a significant decrease in glucose (Folin-
Wu), and little or no change in plasma sodium and potassium. 
Munday and Blane (1960) found that sodium levels in the rat subjected to 
a cold environment increased significantly after 12 to 24 hours and returned to 
normal in 36 to 48 hours. Potassium levels decreased to 24 hours and returned 
to normal. Hematocrit decreased steadily to 48 hours (end of the test). 
Marsh and Swingle (1960) observed no consistent pattern of seasonal varia-
tion in magnesium and calcium in range cattle in Montana, but did observe that, 
in general, phosphorus levels were higher.in May, June, and July and dropped 
in late summer and fall to winter lows. 
Yoshimura (1958) reported that concentrations of sodium, chloride and 
potassium increased in the winter and decreased in the summer in eight adult 
Japanese subjects. These changes were associated with seasonal variations in at-
mospheric temperatures. Protein and hematocrit decreases in summer and in-
creases in winter were explained by changes in the water content of the serum. 
Age and Weight 
Data presented by Reid et al. (1948) suggest a rapid decline in levels of 
blood glutathione during the early life of the calE However, in a large number 
of bulls, there was a steady increase in blood glutathione from 18 to 33 months 
of age. Kamal et al. (1959) found a decrease in blood glutathione in dairy calves 
between six and 12 months of age. 
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Blood sugar levels in dairy cattle have been found to decrease with age from 
birth to about two years of age (Hodgson et ai. 1932 and Kennedy et al. 1939) . 
In examining the sources of variation in total plasma cholesterol levels in 
dairy cattle, Lennon and Mixner (1957) found that calves three to six months of 
age had higher values for cholesterol than did heifers 15 to 18 months of age. 
The value for non-lactating pregnant cows was lower than that of the heifers. 
In a study of the effect of body size upon hematological components, Bhan-
nasiri et al. (1961) reported that the amount of hemoglobin per unit volume of 
blood, hemoglobin content of the individual cells, and hemoglobin concentration 
of individual cells increased in Hereford and Angus beef calves with increases in 
body weight from 500 to 800 pounds. The number of red cells decreased with 
increased body weight. 
Luitingh (1962) compared changes in erythrocyte numbers and hemoglobin 
in 14, 26, and 36 month old beef steers. He found no important differences in 
hemoglobin levels, but yearlings had fewer red cells (P<.05). Red cell numbers 
increased with live weight over a range of 700 to 1230 pounds. A coefficient of 
correlation of 0.31 was found between hemoglobin content and live weight of 
steers within the range of 600 to 1230 pounds. 
N utritio1'lal Environment 
According to Kidwell et ai. (1957), adding fat, diethylstilbestrol or chloro-
tetracycline had no permanent effect upon blood glutathione, hemoglobin, or 
total cell count. Diethylstilbestrol and the diethylstilbestrol-chlorotetracycline 
combination resulted in a temporary decrease in glutathione in the blood. Reid 
et ai. (1948) found that calcium fed two months pre-partum as the only supple-
ment and in conjunction with several trace elements in a basic dry cow feed, did 
not greatly affect the glutathione levels of the dams or their newborn calves in 
blood collection soon after parturition. The injection of colostrum into calves 
only a few hours old resulted in a marked lowering of glutathione compared to 
the controls. 
Annison et ai. (1959) found that blood glucose levels in sheep were higher 
when the sheep were on lush spring grass than when they were indoors, (P<.OI). 
Calcium levels were largely unchanged. Sodium levels rose after about a week 
on grass and decreased slightly after about three weeks .Magnesium levels in-
creased after two weeks of gradual decline. Potassium levels increased slightly 
after the third day on grass. When comparing barn rations with pasture, 
Maplesden et al. (1960) found slightly lower phosphorus levels for beef cows on 
pasture and slightly higher values for calves on pasture. 
No important differences were seen in the levels of blood glucose, hemo-
globin, plasma proteins, calcium, and phosphorus of dairy bulls fed variable 
levels of TDN (Flipse et al. 1953). A slight decrease was seen in hemoglobin, 
protein, and calcium levels of bulls fed 60 percent of recommended allowances 
for TDN as compared to bulls receiving 130 percent of those allowances. 
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A report by Wright et al. (1962) showed that total plasma proteins were 
lowered in lambs by decreasing the protein content and increased by increasing 
the protein content of the ration. The energy content of the ration appeared to 
directly affect blood glucose. 
Barnes et al. (1959) reported increases in serum cholesterol of weanling pigs 
when they were fed fat in the form of beef tallow. 
Other Factors 
Various hormones affect the level of blood glucose. After an injection of 
insulin into the veins of beef cattle, a sharp drop is observed in the level of blood 
glucose, reaching a low between one and two hours after the injection; and then 
slowly rising to normal levels in about 10 to 12 hours. Foley et al. (1960) dem-
onstrated this using two different copper-reducing methods of glucose determina-
tion. This effect has also been shown by Curl et al. (1961). Curl also reported a 
rise in glucose of beef cattle after adrenalin .injections. These findings have been 
demonstrated in the past by other workers on other species of animals and in 
humans. Perry et al. (1951) reported that daily injections of barrows on a fatten-
ing ration with growth hormone increased blood glucose. 
Various infectious diseases markedly increase blood glutathione levels in 
humans according to Bhaduri and Banerjee (1960). Thomas and Murphy (1958) 
and Dreyfuss and Czaczkes (1959) found significant (P<.OOl) increases in blood 
cholesterol levels of healthy medical smdents under the stress of an examination. 
Sreter (1959) found significant (P<.Ol) increases in blood levels of potas-
sium, calcium, inorganic phosphorus, iron, hemoglobin, and hematocrit m 
thoroughbred horses after exercise as compared to those which were resting. 
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METHODS AND MATERIALS 
Blood Collection and Handling 
All blood samples were collected through a jugular vein puncture made with 
a threecinch, 16 gauge bleeding needle. All samples were collected in the early 
morning shortly after sunup. 
Blood which was to be used in the analysis of glucose and other reducing sub-
stances was collected in 10 ml. blood tubes, each containing one potassium oxalate 
tablet to prevent coagulation and about 100 mg. of sodium flouride to prevent 
glycolysis. A drop of water W:IS added to each tube to disperse the oxalate tablet. 
As an additional precaution against glycolysis, the tubes containing the blood 
were immersed in ice water immediately after collection and left there until the 
analyses were made. 
Approximately 5 ml. of blood to be used for the hematological studies was 
collected in tubes containing one potassium oxalate tablet dispersed in a drop 
of water. 
Blood for serum studies was collected in a clean dry 30 ml. culture tube. To 
insure that complete coagulation of the blood would occur, the samples were al-
lowed to set in a 37° C. water bath for a couple of hours after returning to the 
laboratory. A yield of at least 10 ml. of serum was usually obtained. 
Experimental Animals 
Bulls Used in the Study of Selection for Feedlot Gains and Carcass Weight 
Sixty animals were chosen at random in 1961 and 1962 from the Hereford 
bull calf crop at the University Research Center at Weldon Springs, Mo. The 
bulls were transported ro Columbia, a distance of about 100 miles, and started 
on feed in October of each of the two years. 
The bulls were fed about 1 pound of grain per 100 pounds of body weight 
and one-half pound of soybean oil meal and all the brome-alfalfa hay they would 
eat for the first week. The ration was increased to about 1.75 pounds of grain per 
100 pounds of body weight and 1 pound of soybean oil meal by the end of the 
second week. The amount of soybean oil meal was gradually increased to about 
1.5 pounds per head daily (Table 1). 
In the fall of 1962, the bulls contracted a respirarory disease which delayed 
the beginning of the full feeding period for about one month. The length of the 
1962-63 feeding period was 135 days compared to 182 days for the previous year. 
Twenty of the 60 bulls were slaughtered each year by the meat technology 
section of the Department of Animal Husbandry and complete carcass data were 
collected in conjunction with another experiment. Only the weights of the whole 
carcass, primal cuts, retail cuts and trim fat were used in this study. 
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TABLE 1--AVERAGE DAILY RATION AND NUMBER OF SIRE GROUPS FOR 
BULLS USED IN STUDIES OF SELECTION FOR FEEDLOT GAINS. 
1961 
Number of Animals 60 
Number of Sire Groups 6 
Average Daily Ration (Lbs.) 
Ground Ear Corn 13.3 
Soybean 0 iI Mean 0.9 
Brome Hay* 2.4 
* The brome hay contained a small amount of alfalfa. 
13 
1962 
60 
7 
12.6 
1.2 
2.8 
Cattle Used in Study of Detection of Carriers of tbe Gem for "Snorter 
Dwarfism. 
A total of 45 animals was used in this study. There were 20 pedigree-clean 
cows ranging in age from two to 13 years. Three carrier bulls and 17 carrier cows 
with about the same age range as in the clean pedigree group were also used. 
There were five dwarfs: an eight month old and a three year old bull , two two-
year old heifers, and an older dwarf cow. Five pedigree clean and five carrier cows 
were housed at the Weldon Springs farm and the others were housed near Co-
lumbia. 
Laboratory Techniques 
For convenience of discussion, methods are divided into three categories: 
blood and plasma chemistry, serum chemistry, and hematology. A Fisher Electro-
photometer with interchangeable filters was used for ali photometric measure-
ments. A standard curve was prepared for each method by submitting standards 
of known concentration to procedures outlined on the following pages. Reagent 
blanks were prepared by submitting samples of distilled water to each procedure. 
Blood and Plasma Chemistry 
For all methods presented under this category, 10 percent mngstic acid fil-
trates were prepared according to Haden's modification of the Folin-Wu method 
(Hawk et al. 1954). To obtain a sufficient amount of filtrate for all procedures, 
5 ml. of whole blood was used in preparing the protein-free filtrates . A yield of 
about 25 ml. of filtrate was usually obtained from each sample. 
Total Reducing Substances (Folin and Wu, 1920 and McDonald, 1961) in 
this presentation will hereafter refer to the values obtained from using the Folin-
Wu method of glucose determination. 
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True glucose was determined according to the method reported by Saifer 
and Gerstenfe1d (1958) . The prepared glucose oxidase reagent used was a Dade 
product obtained through Scientific Products. Each vial of reagent was a com-
plete enzyme system containing the dried coupled enzymes glucose oxidase and 
peroxidase plus the chromogen, 0 - dianisidine. The contents of a single vial 
were ready for use when reconstituted in 100 ml. of distilled water. The reagent 
was prepared shortly before it was needed and warmed to 37 0 C. 
Saccharoids. This measurement was determined by difference between the 
values for the Folin-Wu and true glucose methods. It represents the amount of 
non-glucose reducing substances in the blood measured by the Folin-Wu method 
in units of mg. percent of glucose equivalents. 
Glutathione. Determinations were made on the whole blood only. Pre-
liminary work had shown that no trace of glurathione could be found in the 
plasma. Determinations were made within 30 minutes after the preparation ~f 
the filtrates had begun since the stability of glutathione in the filtrates begins to 
decline rapidly about the first hour after preparation. The reagents used were rea-
gent grade acetone, phosphate buffer pH 8.4 (Harleco reagent 4040), and re-
crystalized bis p-nitrophenoldisulfide (Eastman Organic Chemicals T 1855) . 
This reagent is hereafter referred to as PNPD. The PNPD was recrystallized 
from :l, glacial acetic acid solurion. The working PNPD reagent was prepared by 
placing 30.8 mg. of the dry crystals in a 100 ml. volumetric flask and diluting 
to the mark with reagent grade acetone. The prepared reagent was refrigerated 
and prepared fresh about every twO months. 
The glutathione was determined using two-ml. alequots of the freshly pre-
pared tungstic acid filtrates and following the method described by Stevenson 
et al. (1960). 
Values for glutathione were expressed two ways: in units of mg. percent of 
the whole blood and in units of mg. percent of the volume of red blood cells. 
The latter was determined by dividing the former by the hematocrit value in 
terms of volumes per mI. 
Uric Acid. Three-ml. aliquots were taken for the determination of uric acid 
by the method of Caraway (1955) . 
Glucuronic Acid. The blood glucuronic acid content was determined by 
the method of Miettinen et al. (1957) . An aliquot of 2 ml. volume of the tung-
stic acid filtrates was analyzed in each determination. 
Creatine and Creatinine (Hawk et al. 1954). Alkaline picrate reagent was 
prepared just prior to use by adding one volume of 10 percent sodium hydroxide 
to five volumes of saturated picric acid. 
Three-ml. aliquots of tungstic acid filtrates were placed in culture tubes for 
the creatine determination. A covering of aluminum foil was placed over the 
tubes and the tubes were placed in an autoclave for 30 minutes at 250 0 F. This 
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procedure converted the creatine to creatinine yielding a total creatinine value. 
Three-ml. aliquots of filtrate were placed in micro cuvettes for the preformed 
creatinine determination. From this point on and after the autoclaved' filtrates had 
cooled the same procedure was applied to both sets of filtrates. 
Two ml. of alkaline picrate reagent was added to each tube and cuvette. The 
contents were mixed by inversion and allowed to set for 10 minutes. It was im-
portant to let,the autoclaved filtrates cool to room temperature before adding the 
alkaline picrate solution. Hot filtrates produced darker colors. The value for pre-
formed creatinine, as established by separate analyses, is subtracted from total 
creatinine value, to give the amount of creatine, expressed as creatinine (Hawk 
et ai. 1954) . 
Serum Chemistry 
Total Cholesterol. A color developing mixture (CDM) was prepared by ad-
ding concentrated sulfuric acid to an acetic acid - acetic anhydride stock solution 
and utilized in the determination of total cholesterol as described by Ferro and 
Ham (1960) . 
Ten ml. of cold CDM was added to 0.2 ml. of serum in a culture tube; the 
contents were mixed and allowed to set for ten minutes at room temperature. 
The optical densities were determined using the red , number 650 filter, and con-
verted to mg. percent. 
Total Serum Protein. This blood component was determined using a pro-
cedure similar to the one reported by Reinhold (1953) . In this procedure, 5 ml. 
of a biuret solution was added to 0.1 ml. of blood serum in micro cuvettes, The 
contents of each cuvette solution were mixed and allowed to set for 30 minutes. 
The optical densities were then determined using the green, number 525 filter, 
and converted to mg. percent. 
Calcium. In the method for the calcium determination, as described by 
Ferro and Ham (1960), isopropyl alcohol, an aqueous solution of tetras odium-
ethylenediaminetetraacetate (EDT A), and sodium chloranilate were used. The 
chloranilate was prepared from chloranilic acid (Eastman Organic Chemicals 
4539) . 
Phosphorus. One ml. aliquots of the 10 percent serum filtrates were added 
to 2 ml. of water in micro cuvettes for the determination of phosphorus by the 
method of Fiske and Subbarow (1925). 
Potassium. A protein-free filtrate was prepared for each serum sample for 
the potassium determination by placing 1 ml. of serum, 3 ml. of distilled water, 
1 ml. of two-thirds normal sulfuric acid, 1 ml. of 10 percent sodium tungstate 
and 0.5 ml. of 5 percent silver nitrate in a glass centrifuge tube. The contents 
were mixed well and centrifuged for 10 minutes. Four ml. of the supernatant 
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was transferred to another centrifuge tube with a medicine dropper and there-
after the procedure of Breh and Gaebler (1930) was followed. 
Sodium and potassium determinations for the dwarfism study were done at 
the Missouri Agricultural Experiment Station Laboratories by flame photometry. 
Sodium. Protein-free filtrates were prepared exactly as described for the 
phosphotus procedure. Sodium in the filtrates was precipitated as the triple salt, 
uranyl magnesium sodium acetate. The precipitate was dissolved in water and 
the optical density of the yellow color determined using the blue, number 425 
filter according to the method of Hoffman and Osgood (1938). Conversions were 
made to meq. per liter. 
Hematology 
Hematocrit. Non-heparinized tubes 1.3 to 1.5 mm. in diameter and 75 mm. 
long were filled about three-fourths full with well mixed whole blood. One end 
of each tube was sealed over a gas flame, placed .in a hematocrit centrifuge, and 
spun for 10 minutes at 7000 r.p.m. The height of the packed column of cells 
was expressed as a percent of the total height of both packed cells and plasma. 
Red Cell Count. Well mixed whole blood was drawn to the 0.5 mark in a 
standard red cell diluting pipette and diluted to the 101 mark with 0.9 percent 
sodium chloride. The pipette was shaken for several minutes by hand and the 
first few drops were discarded. The red cell counting chamber of a standard 
hemacytometer was flooded and about three minutes were allowed for the cells 
to settle. The cells in 80 small squares were counted and four ciphers added. The 
resulting figure was an estimate of the number of circulating erythrocytes per 
cmm. of whole blood. 
Hemoglobin was determined by adding 0.02 ml. of well mixed whole blood 
to 5 ml. of hemoglobin diluent (Orrho Aculute) in a cuvette and mixing. After 
10 minutes, the optical density was determined using a green no. 525 filter. 
Hemoglobin was expressed in terms of gm. percent of whole blood and in gm. 
percent of the packed cells. The latter is often referred to as mean corpuscular 
hemoglobin concentration and is determined by dividing the hemoglobin value 
in gm. percent by hematocrit as volumes per ml. 
RESULTS AND DISCUSSION 
Relationships Among Post-Weaning Feedlot Gain, 392-Day W eight~ 
and Other Traits of Economic Importance in 
Hereford Bull Calves 
Data on the various traits of economic importance were collected on 120 
beef bull calves during a two-year period and analyzed statistically. The summary 
of these data and their analysis is presented in Tables 2 and 3. 
TABLE 2--MEANS, STANDARD DEVIATIONS, COEFFICIENTS OF VARIATION AND HERITABILITY ESTIMATES 
OF TRAITS OF ECONOMIC IMPORTANCE IN YOUNG HEREFORD BULLS. 
Traits 
(Units in pounds 
except where noted) 
Data from 1961 Calves (N = 60): 
Birth Weight 68.8 
Total Pre-Weaning Gain 326 
Daily Pre-Weaning Gain 1.55 
210 Day Weaning Weight 397 
Initial Feedlot Weight 412 
Weaning Score (Points) 74.1 
Initial Feedlot Age (Days) 226 
Post Weaning Feedlot Gains 382 
392 Day Weight 777 
Data from 1962 Calves (N = 60): 
Birth Weight 71.2 
Total Pre-Weaning Gain 367 
Daily Pre-Weaning Gain 1.52 
210 Day Weaning Weight 390 
Initial Feedlot Weight 487 
Weaning Score (Points) 73.4 
Initial Feedlot Age (Days) 291 
Post Weaning Feedlot Gain 292 
392 Day We ight 776 
Means and 
Standard 
Deviations 
8.8 
56 
0.26 
55 
57 
5.1 
26 
62 
95 
7.1 
59 
0.27 
57 
65 
5.0 
26 
43 
93 
Coeffi -
cients of 
Variation 
12.9 
17.2 
16.8 
13.9 
13.8 
6.9 
11.5 
16.2 
12.2 
10.0 
16.1 
17.8 
14.6 
13.3 
6.8 
8.9 
14.7 
12.0 
Herit-
abil ity 
Estimates 
.06 
.06 
.31 
.53 
.22 
.59 
.49 
.22 
.62 
.46 
.16 
.87 
.73 
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TABLE 3--THE RELATIONSHIPS OF POST WEANING FEEDLOT GAIN AND 392 DAY WEIGHT WITH OTHER TRAITS 
OF ECONOMIC IMPORTANCE IN BEEF BULLS AS INDICATED BY LINEAR CORRELATION COEFFICIENTS 
AND SELECTION EFFICIENCY. 
Trait Relationship with Relationship with 
(Units in pounds Feedlot Gains 392 Dal Wei9ht 
except where notecl) Phenotypic Selection Phenotypic Selection Correlationsa Efficiency Correlationsa Efficiency 
Data from 1961 Calves (N '" 60): 
Birth Weight .351** (b) 5 (3,26,45) .530*** (b) 51 (50,51,40) 
Total Pre-Weaning Gain .450** (b) 53 (48,32,4) .734*** (.73) 76 (59,52,21) 
Daily Pre-Weaning Gain .259* 16 (8,-27) .706* ** (-1.2) 77(43,4,14) 
210 Day Weaning Weight .273* (-1.45) 16 (1,1) .780*** 77 (33,29,9) 
Initial Feedlot Weight .459*** (b) 27 (18, 7, 29) .683*** 58(33,9) 
Weaning Score (Points) .706*** (1.2) 68 .820*** 74 
Initial Feedlot Age (Days) .241 .093 
Post Weaning Feedlot Gain .811*** 79 (45,41,31) 
Data from 1962 Calves (N '" 60): 
Birth Weight .122 (.45) 42 .443*** (1.08) 44 (35,30,33) 
Total Pre-Weaning Gain .148 (.99) 9 (23,0) .584*** (1.32) 61 (46,19,5) 
Daily Pre-Weaning Gain .009 (1. 9) 2 (9,-7,2) .549*** (.88) 57(40,11,7) 
210 Day Weaning Weight .038 (.55) 2 (9,-5) .696*** 74 (46,24) 
Initial Feedlot Weight .149 (1.2) 19 (1,1) .648*** 75 (48,20) 
Weaning Score (Points) -.059 (.95) 11 .276* 24 
Initial Feedlot Age .229 -.087 
Post Weaning Feedlot Gain .663*** 65 
*P< .05 **P< .01 ***P< .001 
a - Genetic correlations are presented in parentheses. 
b - Genetic correlations could not be calculated as explained in the text. 
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Table 2 presents the means, standard deviations, coefficients of variation, and 
estimates of heritability for the various traits of economic importance. Heritabil-
ity estimates were determined by half-sib analysis as presented by Falconer 
(1960). Probably the most noticeable thing in Table 2 is the differences in the 
heritability estimates for the two years. Heritability estimates could not be cal-
culated from these data for birth weight, total preweaning gain, or initial feed-
lot weight in 1961 because the between-sire mean squares were smaller than the 
error, or within-sire mean squares, in the analysis of variance computations. In 
1962, the estimates of heritability were all of a respectable magnitude. However, 
even these estimates may be misleading because of the size of the confidence in-
tervals. 
Table 3 consists of data showing the relationship of feedlot gains and 392-
day weight with other traits of economic importance. Linear phenotypic corre-
lations were calculated, but because of the possible curvilinear relationship be-
tween some of the traits, it was felt that linear correlation analysis might not be 
adequate in determining the effectiveness of certain traits as selection tools. 
Therefore, selection efficiency was also calculated to estimate the relative effec-
tiveness of a particular trait as a tool in selecting bulls for feedlot gains or 392-
day weight. 
To best explain how selection efficiency was calculated, adjusted 2l0-day 
weight will be used as an example in selecting for feedlot gain. The average gain 
of the 15 bulls with the heaviest weaning weight was determined and the selec-
tion differential was calculated by subtracting the over-all average gain of all 60 
bulls from the mean gain of the 15 selected bulls. The selection efficiency of 210-
day weight was then calculated by expressing the selection differential as a per-
cent of the highest selection differential that could be calculated. The latter was 
derived by merely subtracting the mean gain of all 60 bulls from the mean gain 
of the 15 fastest gaining bulls. The choice of 15 bulls as the number to select 
was arbitrary. 
In 1961, the simple linear phenotypic correlations between feedlot gain and 
birth weight, tOral pre-weaning gain, initial feedlot weight, and weaning score 
were relatively high (P<.Ol or P<.OOI) for the number of animals involved. 
The relationships between feedlot gain and 21O-day weight and between feedlot 
gain and daily pre-weaning gain were a little lower than for the four traits listed 
in the previous sentence. However, the area of significance exceeded the 5 per-
cent level. These correlation results compare favorably with those found in the 
literature. 
The comparisons listed in the preceding paragraph were made again in 1962 
with somewhat different results. No important relationships were observed. The 
most noticeable difference was in the correlations between weaning score and 
feedlot gains. This coefficient was 0.71 (P<.OOI) in 1961 and -.06 in 1962. At 
Jeast one observation that might be made from these results is that the environ-
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ment has a large influence upon the amount of variation seen in the traits of 
economic importance. 
The simple linear correlation coefficients were also calculated between 392-
day weight and the traits listed above. This adjusted weight was calculated from 
the final feedlot weight and might be thought of as market weight adjusted for 
age or over-all average daily gain from birth to 392 days (not adjusted for birth 
weight). Pre-weaning as well as post-weaning gain would have a major influ-
ence upon the magnitude of 392-day weight and the relationships between them 
might well be expected to be rather high. 
Correlation analysis did reveal a very high relationship (P<.OOI) between 
392-day weight and each of the traits of economic importance listed in Table 3. 
An exception was seen in that the correlation between weaning score and 392-
day weight in 1962 was quite low (0.28, P<.05) compared to the coefficient cal-
culated for the previous year (0.82, P<.OOI). 
The small positive correlation between feedlot gains and age at the begin-
ning of the feeding period during both years indicated that the older calves had 
a small advantage in total gain in the feedlot. The correlations between initial 
feedlot age and 210-day weight were -AI for 1961 and -049 for 1962. The aver-
age ages at the beginning of the feeding periods for the two years were 226 and 
291 days, respectively. This .indicates that the adjustments for 2l0-day weight 
were probably a bit inaccurate and the younger animals were being favored in 
the adjustment. 
Also presented in Table 3 are the estimates of selection efficiency for each 
trait as selection tool for feedlot gains and 392-day weight. The selection ef-
ficiency of birth weight for feedlot gains.in 1961, for example, was 5 percent 
when the gains of the 15 calves with the heaviest birth weight were compared to 
the gains of all 60 calves. The first number in the parentheses represents the 
selection efficiency when the weights of the five calves with the heaviest birth 
weights are not considered. The second number is the selection efficiency when 
the 10 heaviest calves at birth are not considered, and the third number, the result 
of discarding the firSt 15 calves. In this case, with birth weight and feedlot gains, 
the 15 calves with birth weights nearer the mean, but still above it, made the 
fastest gains of the four groups compared. Regarding total pre-weaning gain in 
selecting for feedlot gain.in 1962, culling the five calves with the most total gain 
before weaning resulted in an increase in the selection efficiency from 9 to 23 
percent. Where the comparisons were made, the top calves for the respective 
traits made the fastest gains in the feedlot and weighed more at 392 days of age. 
Genetic correlations were calculated for some of the traits and they are listed 
in the parentheses next to the phenotypic correlations in Table 3. Such correla-
tions could not be calculated for some of the traits for the same reason that the 
heritability estimates could not be calculated: the benveen-sire mean squares were 
smaller than the error mean squares. The calculated genetic correlation between 
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daily gain to weaning and feedlot gains in 1961 was -17.1. This type of correla-
tion.is difficult to explain except for sampling error and small degrees of free-
dom. One possible explanation might be that cows that gave a lot of milk might 
have also been the ones that transmitted the genes for slow growth rate. How-
ever, the genetic correlations calculated from the 1962 data were quite consis-
tent with those presented in the literature for the same traits. 
Value of Certain Blood Components as Selection Tools for Feedlot Gains 
and 392 Day Weight in Beef Bulls 
Two years' data are presented for total reducing substances, glucose, sacc-
haroids and hemoglobin. The other blood components listed in Tables 4 and 5 
were determined for one year only. The means, standard deviations, coefficients 
of variation and heritability estimates are presented in Table 4. The relationship 
of each blood component to feedlot gains and 392-day weight is presented in 
Table 5 in the form of phenotypic and genetic correlations and selection effi-
ciency. 
Glucose and various other reducing substances were determined in the whole 
blood and in the plasma. Analysis of the serum was made for total cholesterol, 
protein, inorganic phosphorus and some of the electrolytes. All determinations 
were made on blood samples collected at the beginning of the feeding period. 
From reports in the literature, with a few exceptions, glucose as determined 
by the Folin-Wu method has been shown to be negatively correlated with post 
weaning growth rate. This relationship has been assumed by some to be due to 
glucose; however, the correlation data presented in Table 5 seem to indicate 
that the relationship between growth rate and true glucose in the blood is rela-
tively small compared to the other substances to which the Folin-Wu reagents 
are sensitive. In 1961, the correlations between true glucose and feedlot gain and 
between true glucose and 392-day weight were essentially zero. The correlations 
between the non-glucose fraction of the reducing substances and feedlot gain 
and 392-day weight were -.32 (P<.01) and -.27 (P<.05), respectively. The 
magnitude of the correlation coefficients involving feedlot gain and 392-day 
weight with total reducing substances was intermediate to those involving the 
two separate fractions. Thus, removing the true glucose from the total amount 
of reducing substances measured by tlie Folin-Wu reagents resulted in an in-
crease in the relationship of the remaining fraction with growth rate. These re-
sults prompted the further study of the saccharoids in 1962 in an attempt to de-
termine which one or more of the reducing substances was involved. Unfor-
tunately, the correlation data in 1962 did not give any conclusive answers to the 
questions raised by the previous years' work. More refined and detailed studies 
are needed to provide conclusive evidence of any relationships between growth 
rate and reducing substances in the blood. 
TABLE 4--MEANS, STANDARD DEVIATIONS, COEFFICIENTS OF VARIATION, AND HERITABILITY ESTIMATES OF 
IV 
IV 
VARIOUS BLOOD COMPONENTS IN SEVEN TO TEN MONTH OLD HEREFORD BULLS 
Blood Component Means and Coeffi- Herit-
(Units in Mg. percent Standard cients of abi! ity 
except where noted) Deviations Variation Estimates e 
Data from 1961 Calves (N = 60) (/l (/l 0 
c 
Total Reducing Substances 74.1 7.1 9.6 .07 ~ 
True Glucose 34.3 4.8 14.0 .45 >-Cl 
Saccharoids 39.8 5.4 13.6 J>j 
Hemoglobin (Gm. %) 12.0 1.3 10 . 8 () c 
Saccharoid-Hemoglobin Ratio 3.35 0.51 15.2 tl 
c 
Data From 1962 Calves (N = 60) ~ t-< 
tn 
Total Reducing Substances 54.2 7.6 14.0 :x: 
"d 
True Glucose 30.9 7.8 25.2 .04 tn J>j 
Saccharoids 23.3 4.0 17.2 
..., 
s:: 
Whole Blood G:utathione 20.0 3.6 18.0 tn Z 
Red Cell Glutathione 70.6 12.4 17.6 .21 >-l 
Uric Acid 3.4 0.7 21.4 
Vl 
>-l 
Glucuronic Acid 6.7 1.2 17.7 .47 > >-l 
Creatinine 1.7 0.2 13.5 .33 (3 
Creatine 2.0 0.4 19.9 Z 
Plasma Reducing Substances 66.3 12.7 19.2 .29 
Plasma Glucose 63.3 9.0 14.2 .52 
Plasma Saccharoids 3.0 6.3 .04 
Plasma Glucuronic Acid 5.2 0.9 17.7 
Plasma Uric Acid 1.0 0.2 20.2 .20 
Plasma Creatinine 1.8 0.3 15.8 .41 
TABLE 4--(CONT'D) 
Blood Component Means and 
(Units in Mg. percent Standard 
except where noted) Deviations 
Plasma Glucose (Calculated) 77.0 
Total Serum Cholesterol 107.0 
Total Serum Protein (%) 6.9 
Serum Calcium 11.0 
Serum Phosphorus 8.4 
Calc ium-Phosphor.us 92.1 
Serum Sodium (Meq ./Liter) 156.0 
Serum Potassium (Meq ./Liter) 6.0 
SodhJm-Potassium Ratio 26.1 
Hematocrit (Vol. %) 28.3 
Red Blood Cells (Mil I ions/cmm.) 7.6 
Hemoglobin (Gm. %) 11.4 
Hemoglobin (Gm. % of RBC) 40.3 
Undenatured Hemoglobin (Gm. %) 0.6 
Hemoglobin Resistance (%) 5.3 
Undenatured Hemoglobin 2.1 
(Gm. % of RBC) 
Coeffi-
cients of 
Variation 
21.2 27.6 
16.0 15.0 
0.5 6.8 
1.0 9.1 
0.8 10 .1 
14.2 15.4 
10.0 6.4 
0 .5 8.5 
2.6 10.0 
2.2 7 . 8 
1.1 14.5 
0.9 7.9 
2.2 5 .5 
0.1 10.2 
0 .6 11.4 
0.2 11 .8 
Herit-
ability 
Estimates 
.45 
.55 
.18 
.30 
.39 
.37 
.37 
.25 
. 46 
.01 
.08 
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TABLE 5--THE RELATIONSHIP OF POST WEANING GAIN AND 392-DAY WEIGHT OF YOUNG BEEF BULLS WITH 
THE LEVELS OF CERTAIN BLOOD COMPONENTS DETERMINED AT THE BEGINNING OF THE FEEDING 
PERIOD AS INDICATED BY LINEAR CORRELATION DATA AND- SELECTION EFFICIENCY 
Relationship with Relationship with 
Blood Component Feedlot Gains 392 Dol Weight 
(Units in Mg. percent Phenotypic Selection Phenotypic Selection 
except where noted) Correlationsa Efficiency Correlationsa Efficiency 
Data from 1961 Calves (N := 60) 
Total Reducing Substances -.183 23 -.199 38 
True Glucose .077 -.022 
Saccharoids -.324* (b) 37 (42,26) -.266* 41 (33,0) 
Hemoglobin (Gm. %) -.145 (b) 12 
Saccharoid-Hemoglobin Ratio -.185 (b) 26 
Data from 1962 Calves (N = 60) 
Total Reducing Substances .008 (b) .015 
True Glucose .081 (.14) .031 
Saccharoids -.142 (b) 19 -.133 25 
Whole Blood Glutathione .000 (b) .125 
Red Cell Glutathione .009 ( .44) II .222 10 
Uric Acid -.070 (b) 16 -.085 
Glucuronic Acid .135 (,08) -.066 
Creatinine .082 (.40) .067 
Creatine -.126 (b) 11 -.181 II (2, -4) 
* P < .05 a - Genetic correlations are presented in parentheses. 
b - Genetic correlations could not be calculated as explained in the text. 
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Blood Component 
(Units in Mg. percent 
except where noted) 
Data from 1962 Calves (Con't) 
Plasma Reducing Substances 
Plasma Glucose 
Plasma Saccharoids 
Plasma Glucuronic 
Plasma Creatinine 
Plasma Glucose (Calculated) 
Total Serum Cholesterol 
Total Serum Protein (%) 
Serum Calcium 
Serum Phosphorus 
Calc ium-Phosphorus Product 
Serum Sodium (Meq ./Liter) 
Serum Potassium (Meq ./Liter) 
Sodium-Potassium Ratio 
Hematocrit (Vol. %) 
Red Blood Cells (Mill ions/cmm.) 
Hemoglobin (Gm. %) 
Hemoglobin (Gm. % of RBC) 
Undenatured Hemoglobin (Gm. %) 
Hemoglobin Resistance (%) 
Undenatured Hemoglobin 
(Gm. % of RBC) 
TABLE 5--(CONT' D.) 
Relationship with 
Feedlot Gains 
Phenotypic 
Correlationsa 
-.011 (-.62) 
.003 (-.20) 
.014 (2.33) 
.013 (b) 
-.035 (-.24) 
.124 
.369** (.85) 
.007 
.084 
.066 
.097 
.281 * (b) 
-.105 (b) 
.268* (b) 
-.280* 
-.272* 
-.291* 
-.019 (b) 
.030 
.217 
.211 (b) 
Selection 
Efficiency 
33(21,19) 
19 
28 
19 
40 
4 
25 
* P< .05 a - Genetic correlations are presented in parentheses. 
** P<.01 b - Genetic correlations could not be calculated as explained in the text. 
Relationship with 
392 Day Weight 
Phenotypic Selection 
Correlationsa Efficiency 
-.069 
-.056 
-.041 
-.165 
-.025 
-.136 
.113 9 (17, 33, 15) 
.048 
-.020 
-.136 
-.105 
.129 
-.094 
.144 
-.233 15 (10,32,14) 
-.241 37 (42, 25,7) 
-.265* 15 (26,18,7) 
-.049 
-.021 
.162 11 (18,26,22) 
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Genetic correlations were calculated where possible for feedlot gain with the 
various blood components. They are presented in parentheses next to the pheno-
typic correlations in Table 5. In some cases the between-sire mean square was 
smaller than the error mean square and the sire component of variance could not 
be calculated (b). Where no genetic correlations are shown in Table 5, the cal-
culated coefficient was so large that it was meaningless (for example, a coefficient 
of -7.51 was obtained between serum protein and feedlot gains). No genetic 
correlations were calculated which involved 392-day weight. 
The value of using saccharoids as selection tools for feedlot gains and 392-
day weight is in part indicated by the magnitude of the selection efficiencies for 
those traits: 37 and 41 percent, respectively, in 1961 and 19 and 25 percent, re-
spectively in 1962. Other reducing substances having at least some effectiveness 
as selection tools were uric acid, red cell glutathione and creatine. As explained 
in Section I of this chapter, the numbers in parentheses in the column entitled 
selection efficiency are the selection efficiencies calculated after culling the five, 
10, and 15 calves with the highest values, respectively, for the particular blood 
component in the case of positive correlations and those with the lowest values 
in the case of negative phenotypic correlations. 
Of all the blood components determined, total serum cholesterol produced 
the highest correlation with feedlot gains in the 1962 calves. It was the only 
blood component having a correlation with gain that was associated with a prob-
ability due to chance of less than 1 percent. The correlations between feedlot 
gains and serum sodium, sodium-potassium ratio, hematocrit, red cell count and 
hemoglobin were significant at the 5 percent level. However, this explains only 
about eight or nine percent of the variation. 
If cholesterol had been used in selecting for feedlot gains, selecting the 15 
calves with the highest cholesterol values at weaning would have been 33 per-
cent efficient. Culling the calves with the extreme values for cholesterol would 
not have been advantageous as indicated by the selection efficiencies in parentheses 
calculated after discarding the five and 10 calves, respectively, with the highest 
cholesterol levels. In contrast, if cholesterol had been used as the selection tool 
for weight at 392 days, eliminating the calves with the 10 highest cholesterol 
levels would have produced a selection efficiency of 33 percent compared to 9 
percent with no culling. 
Red cell count, sodium-potassium ratio, hemoglobin resistance to denatura-
tion, serum sodium, and hematocrit were 40, 28, 25, 19 and 19 percent effective, 
respectively, in selecting the 15 calves with the fastest gains in the feedlot. In 
selecting for the highest 392-day weights, red cell count, hemoglobin, hematocrit, 
and hemoglobin resistance were 37, 27, 15, and 11 percent effective, respectively. 
The levels of the various blood components at weaning were generally un-
related to live weight at 392-days as reflected by the total phenotypic correlations. 
The correlations for 392-day weight with blood saccharQids in 1961 and hemo-
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globin in 1962 were associated with a chance probability of less than 5 percent. 
The area of significance of the correlations for 392-day weight with red cell glut-
athione, hematocrit, and red cell numbers in 1962 approached the 5 percent level. 
Again, these correlations were low enough that the association between the vari-
ation in 392-day weight and the variation within these several blood components 
was less than 7 percent. 
When a high phenotypic relationship is found between twO traits, it is im-
portant to know whether this relationship.is the result of the same set of genes 
or merely a coincidental relationship due to the linkage of unrelated genes on 
the same chromosome. If the latter is true, the effectiveness of selecting for one 
trait would be lost after several generations due to crossing over between the 
homologous chromosomes. So, until the real cause of any phenotypic relation-
ship between a particular blood component and growth rate is known, that blood 
component could not be recommended as a selection tool. 
Value of Certain Blood Components and Various Traits of Economic Im-
portance as Selection Tools for Carcass Traits in Beef Bulls. 
Twenty yearling Hereford bulls were slaughtered at the end of 182 and 135-
day feeding periods beginning in 1961 and 1962, respectively. Analysis of the 
blood of each animal for several components had been made at the beginning of 
the feeding period. Table 6 shows the means, standard deviations, and coefficients 
of variation of several carcass traits and other traits of economic importance. The 
relationship of these traits to unadjusted carcass weight and carcass weight ad-
justed to 400 days of age is reflected in the phenotypic correlations presented in 
Table 6. Table 7 contains similar information for certain blood components and 
their relationship to carcass weight. 
The purpose of this study was to find the relationship between certain car-
cass traits and various other traits that could be easily measured at weaning time. 
According to the data in Table 6, it would seem to make little difference whether 
selection was made for total carcass weight, weight of the five primal cuts, or for 
the weight of the retail cuts. The correlations between these traits were nearly 
perfect. 
It should be pointed out that when adjustments were made for age in one 
trait and not in the other, the relationship between the two traits as measured 
by phenotypic correlation coefficient was generally reduced. This was observed 
among the carcass traits as well as between pre-weaning gain and carcass weight. 
Total pre-weaning gain, unadjusted for age, was more highly correlated with un-
adjusted carcass weight than with adjusted carcass weight during both years. Al-
so, average daily pre-weaning gain was more highly correlated with adjusted 
rather than unadjusted carcass weight. 
For adjusted carcass weight, the best selection tools according to these find-
ings would be 21O-day weaning weight, average daily pre-weaning gain, and 392-
TABLE 6--MEANS, STANDARD DEVIATIONS AND LINEAR CORRELATION DATA FOR CARCASS WEIGHT AND 
CERTAIN OTHER TRAITS IN BEEF BULLS 
Traits 
(Units in pounds 
except where noted) 
Data on 1961 Calves (N = 20): 
400 Day Adjusted Carcass Weight 
Unadjusted Carcass Weight 
Adjusted Primal Cuts 
Unadjusted Primal Cuts 
Adjusted Retail Cuts 
Unadjusted Retail Cuts 
182 Day Feedlot Gain 
210 Day Weaning Weight 
Birth Weight 
Total Pre-Weaning Gain 
Daily Pre-Weaning Gain 
Weaning Score (Points) 
392 Day Weight 
413 
408 
134 
132 
155 
154 
377 
400 
Means and 
Standard 
Deviations 
66.3 
329 
1.59 
74.1 
777 
37 
40 
12 
11 
15 
16 
34 
55 
8.6 
42 
0.25 
3.4 
50 
Phenotypic 
Correlations with 
Carcass Weight 
Adjusted Unad-
(400 Days) justed 
.736*** 
.736*** 
.851*** .476* 
.647** .852*** 
.930*** .673** 
.690*** .942*** 
.129 .528** 
.741*** .236 
.391 .166 
.605** .777*** 
.721*** .222 
.480* .654** 
.906*** .619** 
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(Units in pounds 
except where noted) 
TABLE 6--(CONT'D) 
Means and 
Standard 
Deviations 
Data on 1962 Calves (N = 20): 
* 
** 
*** 
400 Day Adjusted Carcass Weight 
Unadjusted Carcass Weight 
Adjusted Primal Cuts 
Unadjusted Primal Cuts 
Adjusted Retail Cuts 
Unadjusted Retail Cuts 
135 Day Feedlot Gain 
210 Day Weaning Weight 
Birth Weight 
Total Pre-Weaning Gain 
Daily Pre-Weaning Gain 
Weaning Score (Points) 
388 
410 
128 
136 
148 
157 
273 
386 
72.0 
351 
1.5 
72.2 
Probabil ity of a chance occurrence less than .05 
Probabil ity of a chance occurrence less than .01 
Probabil ity of a chance occurrence less than .001 
48 
53 
16 
17 
17 
19 
43 
50 
5.9 
45 
0.2 
4.8 
Phenotypic 
Correlations with 
Carcass Weight 
Adjusted Unad-
(400 Days) justed 
.920*** 
.985*** 
.904*** 
,980*** 
.903*** 
,565** 
.713*** 
.337 
.779*** 
.715*** 
.194 
.920*** 
.902*** 
.985*** 
.885*** 
,983*** 
.641** 
.471* 
.196 
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.477* 
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TABLE 7--MEANS, STANDARD DEVIATIONS AND LINEAR CORRELATION DATA FOR CARCASS WEIGHT 
AND CERTAIN BLOOD COMPONENTS IN BEEF BULL CALVES 
Blood Component Means and Phenotypic 
(Units in mg. percent Standard Correlations with 
except where noted) Deviations Carcass Weight 
Adjusted Onad-
(400 Days) justed 
Data from 1961 Calves (N = 20) 
Total Reducing Substances 72.7 7.3 .169 .491 * 
True Glucose 33.4 4.6 .187 .576** 
Saccharoids 39.3 5.7 .170 .080 
Saccharoid-Hemoglobin 3.21 0.61 .226 .034 
Hemoglobin 12.4 1.6 -.238 -.012 
Data from 1962 Calves (N = 20) 
Total Reducing Substances 52.0 4.8 .161 .219 
True Glucose 27.8 5.6 .009 .078 
Saccharoids 24.2 3.9 .187 .161 
Whole Blood Glutathione 20.3 2.2 .177 .153 
Red Cell Glutathione 70.4 7.9 .226 .129 
Glucuronic Acid 6.5 1.0 -.320 -.087 
Uric Acid 3.5 0.9 -.333 -.231 
Creatinine 1.8 0.3 -.149 -.002 
Creatine 1.9 0.4 .606** .475* 
Creatine-Creatinine Ratio 1.1 0.3 .547** .401 
Saccharoid-Hemoglobin Ratio 2.1 0.4 .209 .127 
Plasma Reducing Substances 62.8 8.3 -.089 -.036 
Plasma Glucose 60.1 7.9 .003 .070 
Plasma Saccharofds 2.7 0.3 -.270 -.300 
Plasma Glucuronic Acid 5.1 1.1 -.033 .158 
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Blood Component 
(Units in mg. percent 
except whe re noted) 
plasma Uric Acid 
Plasma Creatinine 
Serum Calcium 
Serum Phosphorus 
Calcium-Phosphorus Product 
Serum Sodium (Meq ./Liter) 
Serum Potassium (Meq ./Liter) 
Sodium-Potassium Ratio 
Total Serum Protein (%) 
Cholesterol (Beginning of Period) 
Cholesterol (End of Period) 
Hematocrit (Vol. percent) 
Red Blood Cells (Millions/cmm.) 
Hemoglobin (Gm. percent) 
Undenatured Hemoglobin (GM.%) 
Hemoglobin Resistance (%) 
Hemoglobin (Gm./l00 mi. RBC) 
Undenatured Hemoglobin 
(Gm ./100 mi. RBC) 
* P< .05 ** P< .01 
TABLE 7--(CONT'D) 
1.0 
1.8 
10.7 
8.3 
88.8 
157.0 
6.2 
25.7 
6.9 
101 
92 
28.8 
7.4 
11.5 
0.6 
5.1 
40.0 
2.0 
*** P< .001 
Means and 
Standard 
Deviations 
0.2 
0.2 
0.9 
0.9 
13.0 
11.0 
OJ 
2.8 
0.3 
18 
12 / 
1.8 
1.2 
0.7 
0.1 
0.4 
1.8 
0.2 
Phenotypic 
Correlations with 
Carcass Weight 
Adjusted 
(400 Days) 
.112 
-.158 
-.208 
-.110 
-.193 
.444* 
.036 
.211 
-.693*** 
.029 
.117 
.009 
-.236 
-.155 
.019 
.174 
-.035 
.101 
Unad-
justed 
.078 
-.147 
-.187 
-.001 
-.103 
.414 
.006 
.210 
-.502* 
.166 
.131 
.120 
-.192 
-.021 
.104 
.152 
-.053 
.072 
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day weight. The latter could well be called adjusted slaughter weight. Selecting 
for unadjusted carcass weight could best be achieved using total pre-weaning gain 
and post-weaning feedlot gain. Although it is not presented in Table 6, it would 
seem that unadjusted slaughter weight would be an excellent selection tool for 
unadjusted carcass weight. 
Birth weights showed a higher relationship to adjusted carcass weight than 
to unadjusted carcass weight, but neither comparison produced a high enough 
correlation coefficient to suggest the use of birth weight as a selection tool for 
carcass weight. 
The correlations between carcass fat weight and total pre-weaning gain in 
1961 and 1962 were .570 and .657, respectively; they were .387 and .460 for 210-
day weight and - .125 and .410 for feedlot gain. 
Weaning score was inconsistent in its relationship to carcass weight for the 
two years. In 1961, correlations between weaning score and carcass weight were 
high enough to suggest the possible use of weaning score as a selection tool for 
carcass weight. However, the results of the 1962 studies did not confirm this. 
In 1961 , the correlations between adjusted 392-day weight and each of the 
other traits listed in Table 6 were of similar, and in most cases almost identical, 
magnitude as those listed for adjusted carcass weight and each of the other traits. 
Considering the very high correlation (.906) between 392-day weight and 400-
day carcass weight, this is what might well be expected. 
These findings might indicate, then, that selecting for an optimum weight 
adjusted to a constant age near the time of slaughter or marketing would be es-
sentially the same as selecring for adjusted carcass weight, adjusted weight of the 
primal cuts, or adjusted weight of the retail cuts. In other words, many of the 
same genes are no doubt responsible for all four of these traits. 
With the exception of total serum protein, creatine and serum sodium, the 
blood components determined at the beginning of the feeding period could not 
be used as indicators of carcass weight in this study. A low level of serum pro-
tein at weaning time was associated with a heavier carcass at 400 days of age. 
The higher levels of serum sodium and whole blood creatine at weaning were 
associated with the heavier carcasses at 400 days. No important relationships were 
observed between anyone of these three blood components and initial feedlot 
weight or adjusted 21D-day weight. 
The correlations of unadjusted carcass weight with glucose and total reducing 
substances were relatively high in 1961, but not in 1962. A correlation such as 
the one involving glucose would not be expected in light of the results in sec-
tion II of this chapter and no attempt is made to explain it except for chance 
occurrence. 
No important correlation was noticed between cholesterol levels and carcass 
fat weight whether adjusted or unadjusted for age. 
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Value of Certain Blood Components in Detecting Carriers of the Gene for 
"Snorter" Dwarfism in Hereford Cattle 
The values for several blood components for 20 cows with clean pedigrees 
with regard to dwarfism and for 20 carriers (including three bulls) of the dwarf 
gene were subjected to an analysis of variance. Comparisons were made between 
these 40 animals and five dwarfs. Table 8 shows the means, standard deviations, 
and results of the analysis of variance of the comparisons. 
The level of total reducing substances, as measured by the Folin-Wu (1920) 
glucose methods, showed that true glucose and saccharoids (Folin-Wu values 
minus true glucose values) were essentially the same for the three genotypes. 
Foley et al. (1960) reported significant differences (P<.01) between genotypes 
for Folin-Wu values, Nelson-Somogyi glucose values and the differences be-
tween the two. 
The only blood components which showed differences of any magnitude 
between the carrier and pedigree-clean genotypes were blood glutathione, blood 
creatine, serum sodium and potassium, and the ratio between the two and hemo-
globin. Differences between means were great enough in some cases to be con-
sidered significant at the 5 percent and 1 percent levels of probability. However, 
these differences were not great enough to suggest that any of the blood com-
ponents determined could be used as a tool to distinguish between the geno-
types. If a test were to depend upon only the means of some blood component, 
the differences would have to be great enough to produce no overlapping between 
genotypes, in which case no statistical analysis would be necessary. However, 
the probability that such a blood component exists and the possibilities of find-
ing it if it does exist are undoubtedly quite small. 
Injecting hormones or certain other compounds into the blood stream of 
animals and observing their reactions in terms of fluctuations in certain blood 
components may have merit. This type of technique has been used with con-
siderable success in the detection of dwarfism by Lasley (1958) and others at the 
Missouri station. 
Differences in levels of the blood components of dwarfs and normals (in-
cluding carriers and cleans) were generally greater than differences between car-
riers and cleans. This might well be expected since the phenotypic differences 
between dwarfs ~nd normal-appearing cattle are usually quite pronounced. 
\j.) 
""-
TABLE 8--MEANS, STANDARD DEVIATIONS AND RESULTS OF ANALYSIS OF VARIANCE FOR VARIOUS BLOOD 
COMPONENTS AMONG THE THREE GENOTYPES FOR "SNORTER" DWARFISM IN BEEF CATTLE 
Probability of a 
CI~ans Carriers Dwarfs Chance Occurrence e Blood Component Means and Means and Means and Clean Dwarf C/) C/) 
(Units in Mg. percent Standard Standard Standard vs. vs. 0 c:: 
except where noted) Deviations Deviations Deviations Carrier Normal ?:I 
.... 
Total Reducing Svbstances 53.7 4.1 53.1 3.9 52.1 6.3 > Cl 
True Glucose 24.8 4.6 26.3 3.1 25.4 1.5 ?:I 
.... 
Saccharoids 28.9 5.6 26.7 3.2 26.7 6.0 (') c:: 
Whole Blood Glutathione 22.7 3.0 21.0 2.6 23.8 3.6 .058 .022 t""' t-j 
Red Cell Glu tathione 76.2 8.0 71.9 9.1 77.6 9.3 .12 .072 c:: ?:I 
Uric Acid 1.4 0.3 1.3 0.2 1.4 0.1 :> t""' 
Creatinine 1.6 0.2 1.4 0.2 1.3 0.2 .016 .004 trJ 
Creat ine 3.7 0.5 3.6 0.4 3.6 0.5 :><: "0 
Creatine-Creatinine Ratio 2.4 0.4 2.6 0.6 2.9 1.0 tti ?:I 
Glucuronic Acid 9.3 1.1 9.0 1.3 9.8 1.2 
H 
~ 
Total Serum Cholesterol 176 15 184 26 151 29 .009 tti Z 
Serum Calcium 8.4 1.7 9.1 1.9 7.9 1.5 <.001 t-j 
Serum Phosphorus 6.6 1.1 6.5 0.9 6.3 0.6 
(fJ 
~ Calcium-Phosphorus Product 55.2 12.8 59.4 14.8 52.1 13.9 t-j 
Serum Sodium 349.9 7.4 345.R 7.8 344.4 4.0 .13 .06 (5 
Serum Potassium 16.7 1.1 18,0 1.1 18.6 0.8 .002 < .001 Z 
Sodium-Potassium Ratio 21.0 1.4 19.3 1.3 18.4 0.6 < .001 < .001 
Hemoglobin (Gm. %) 13.1 0.8 12.6 0.7 12.5 1.2 .068 .046 
Hematocrit (Vol. %) 29 . 8 2.6 29.2 4.1 30.6 1.9 
Hemoglobin (Gm. % of RBC) 44.0 2.5 43.3 1.8 40.9 2.2 .006 
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SUMMARY 
Various traits of economic importance and levels of certain blood components 
at weaning time were determined in 60 bull calves in each of two years. The 
calves were fullfed in dry lot following weaning. Carcass data were collected on 
20 calves at the end of the feeding period each year. The relationships in terms 
of correlation data and selection efficiencies (the percent effectiveness of a par-
ticular trait in selecting the 15 fastest gaini.:1g bulls out of the total of 60) were 
determined between feedlot gains, 392-day weight, other economically important 
traits, and several blood components. Weights of the whole carcass, primal cuts 
and retail cuts were determined and the correlation coefficients between each of 
these weights and the various blood components and traits of economic impor-
tance were calculated. 
A major over-all observation of the data was in the differences between the 
results of the two years. The simple linear correlations between feedlot gains and 
birth weight, pre-weaning gain, total pre-weaning gain, 21O-day weight, initial 
feedlot weight, and weaning score were for the most part relatively high in 1961. 
These relationships in 1962 were low and relatively insignificant. Similar results 
were observed in the comparisons involving 392-day weight .instead of feedlot 
gains. When used in selecting 15 bulls for rate of gain in the feedlot or for weight 
at 392 days, the traits with the highest correlation coefficient were not necessarily 
the most efficient ones as selection tools when only 25 percent of the calves were 
selected. 
The sire differences for the traits of economic importance were small the 
first year, as reflected by the small estimates of hedtability. Almost all the heri-
tability estimates for the same traits in 1962 were in the medium to high range. 
However, due to the relatively small numbers, the standard deviations of the 
heritability estimates were so large that their accuracy in estimating the real heri-
tability was greatly reduced. 
With a few possible exceptions, the value of blood components as selection 
tools for feedlot gain or market weight were relatively unimportant when com-
pared to the value of traits of economic importance such as w:eaning weight and 
pre-weaning gain. 
The blood components show.ing the highest relationships to feedlot gain or 
392-day weight were serum cholesterol, blood saccharoids, red cell count, hemo-
globin, sodium-potassium ratio in the serum, and the resistance of hemoglobin 
to denaturation by alkali. The problem here.is to determine whether the relation-
ships are due to pleiotrophy or linkage. If linkage is the cause, the relationship 
is likely to be destroyed by later crossing-over and recombination depending up-
on how close the linkage is. However, when dealing with traits such as those 
which are controlled by many genes, it would seem that linkage may not be a 
serious problem. 
36 MIS~OURI AGRICULTURAL EXPERIMENT STATION 
A high relationship existed between carcass weight and weaning weight, 
pre-weaning gain and feedlot gains. The data showed quite clearly that when the 
relationship is studied between any two traits, the data for both traits should be 
treated alike with respect to adjustments for age. If one trait is adjusted for age, 
the other trait should also be adjusted. On the whole, however, it seemed to 
make little difference whether the data were adjusted or not. 
The levels of blood components at weaning which had a high relationship 
to subsequent weight of the carcass were blood creatine, creatine-creatinine ratio, 
total serum protein, and serum sodium. 
The levels of several blood components were determined in cattle hetero-
zygous for the "snorter" dwarf gene and those free of this gene. Some differences 
were noted that could be considered real (P < .01); however, these differences 
were not great enough to distinguish effectively between individuals of the two 
genotypes. Blood components showing great enough differences between geno-
types to be significant at the 5 or 1 percent levels of probability were serum 
sodium-potassium ratio and serum potassium. 
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